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CHAPTER I 
INTRODUCTION 
The obje ct ive of.' thi s re search pro je ct was t o  deve l op 
a rad i o  telemetry system capa.ble o:f transmitting the  heart 
rate of.' the phea.s�nt. Be cause l iterature relat ing t o  the 
heart rat e  o:f the phea sant is very scarce , data c on c e rning 
voltage amplitude of the phea sant e l e ctro cardiogram ( ECG) 
were ne eded . Thi s information i s  presented i n  Chapt e r  II .  
To t e l emeter the h eart rat e a biotel eme t ry t ransmitter 
wa s d eveloped. Thi s  bi otelemetry transmitter i s  to be used 
t o  study the heart rate of' pheasants through the  bree ding , 
ne sting and bro od rai sing cycle.  The transmitter  co uld also 
be  used during the hunting season and other t im e s o:f stre s s 
to determine how pheasant s are affected by such stre s s .  The 
transmitter must be carrie d  by the pheasant and i s  t o  be on 
the phea sant :for an extended period o� t ime. 
The bi otelemetry transmitter when comple t e d  must be 
lightwe i ght and small enough so that it do e s  not re s t ri ct 
natural movement s and :funct ions o:f the phea sant. - Advance­
ment in the ele ctroni c s  :field  has p roduce d  the  int egrate d  
ci rcuit  (IC)* whi ch l ends it sel:f very well  t o  the  p re ce ding 
i *An integrated circuit may be define d as  a c ombination 
of  interconne cted circuit e l emenfs inseparably a s so c iate d  on 
or within a c ontinous substrate. 
requirement. Additional requirements :for the transmitter 
are minimum battery drain with long transmitter lif·e. 
2 
Because of the existing receiving equipment associated 
with the pheasant research project at South Dakota State 
University the carrier :frequency of the transmitter was 
chosen to be 151 MHz. The carri�r frequency oscillator of 
the biotelemetry transmitter was designed using scattering 
parameters. Others2'3'4have shown that high frequency oscil­
lators can be designed with s-parameters. S-parameters can 
be measured with ease since all measurements are made when 
ports are terminated in the characteristic impedance of the 
line. The Smith Chart is used to plot the reflection coef­
ficients of the input port of the oscillator to aid in the 
design procedure. 
Ellerbruch2 et al. describes a biotelemetry tracking 
transmitter· that was designed and built by personnel of the 
Electrical Engineering Department at South Dakota State 
University using the s-parameter design technique. These 
transmitters were used to obtain information from pheasants 
by tracking their movements. I quote from an article in 
the Brookings ( S. D. ) Register, Friday, October 15, 1971, 
pp. 6 .  
Pheasants are caught and fitted with tiny 
radio tran smitters which allow researchers at 
South Dakota State University's Department of 
Wildl ife and Fisheries Scien ce . to pinpoint . .  coordinate locations for the birds at specific 
times. The coordinates are than processed 
by an IBM computer, which provides a diagram 
of the bird's movements • 
• • • • By analyzing the bird's movements 
over a period of time, the researchers can 
find out more about the pheasant's use of 
natural cover. 
The material that f"ollows contains design information, 
experimental results, and conclusions pertaining to the 
:feasibility study for a biotelemetry transmitter using an 
integrated circuit chip. 
3 
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CHAPTER I I  
HEART RATE OF THE PHEASANT 
2-1 Pheasant Ele ctrocardiogram 
Lit erature relating to  the heart rate of t he phea sant 
, i s  very se�rce. Befo re transmitter de sign could be under­
taken, data  concerning the voltage amplitude and heart rat e 
of the pheasant ele ctro cardiogram (ECG) were ne e ded . Because 
of thi s lack or i nformation , it  was ne ces sary t o  c o nduc t  
a l i mited  study regarding ·the ECG. Thi s paper does  not 
imply that an exhaust ive ECG program was undertaken, but 
some data were taken so  that the heart rate tel emet ry. feasi-
bil i ty study could be done.  
S tandard leads for the ECG. of  the avian speci e s  are 
shown in Fig, 2-1.5 The 3 leads form a triangl e wi th 
·.._, 
I 
Right Wing Q QLeft Wing 
Ba se � Heart �· Base 
· II � / III 
0 Left Leg 
Fig .  2-1. Standard leads for the avian ECG 
the heart located in the center. Lead I detects the voltage 
difference between a point at the base of the right wing 
and a point at the base of the left wing. Lead II detects 
the voltage di:fference between the base of the right wing 
and the left leg. The voltage difference between the base 
of the lef·t wing and the left leg is given by lead I I I . 
2-2 ECG Waveforms · 
A 3 lead system as shown in Fig. 2-1 was used to 
monitor the pheasant ECG. A Tektronix R50JO Dual-Beam 
Oscilloscope was used to display the ECG and photographs 
of the traces were taken. The Tektronix R5030 Oscilloscope 
is a differential input oscilloscope with an input impedance· 
of' (lM ohm, 50pf), bandwidth of 1 IVIHz, and common-mode re­
jection ratio of at least 100,000:1 . 
The ECG's of 2 roosters and 3 hens were taken and the 
measurements were found to exhibit similar characteristics. 
Therefore, only the data from a single bird· is presented in 
this paper • 
5 
. The pheasants were provided by the Wildlife and Fisheries 
Science Departmen� at South Dakota State University. The 
b�rds had been raised in captivity and were 6 months of age 
when the recordings were made. 
Each bird was restrained on its back while the measure-
ments were made. Needle electrodes were inserted under the 
skin o f  the bird. To he lp quiet the unanesthetized pheasant 
a black cLoth sack was placed over its head. In each case 
waveforms were photographed only after the heart rate of 
the pheasant had stabilized to a constant rate . 
Fig. 2-2 illustrates a pheasant ECG and shows wave­
forms from leads III, II, and I. These particular ECG 
waveform s  are phot ograph s of the ECG traces of a hen pheasant 
(#443), The right wing {RW) e l e ctrode was placed at the base 
of' the wing, the left wing {LW) e l e ctrode was located midway 
between the breast bone and the base of the left wing, and 
the l e ft leg (LL ) electrode was placed in the thigh of the 
lef't leg. 
The heart rate of" the bird is determined from Fig. 2-2 
by determining the time between the S waves and calculating 
the number o f  pulses per minute. The heart rate of the bird 
as measured in the fashion was 333 beats/minute. 
Wave:forms similar to these shown in Fig .• 2-2 have· been 
reported by Sturkie5 and Gross6 for the chicken and Jankus? 
et al. and Krista8 et al. for the turkey. Similarities -- ---
6 
betwe en th e pheasant electro cardiogram and the chicken and 
turkey electrocardiograms include: (1) voltage amplitude of 
th� S wave is the greatest and (2) lead II voltage s are larger 
than the voltages of leads I and III. These similarities 
seem to indicate that the pheasant electrocardi ogram is similar 
to that of other birds. 
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2- 3 Transmitter  Placement 
A bi otransmitter a s  discus sed  lat e r  in Chapt e r  III was 
used  t o  t ransmit the heart rate o f  the pheasant . I n  the 
heart rat e  t e l emetry fea s ibil ity study , some data were re­
qui re d  to s e e  if it  would be possible to l o cate  e l e ctrode s 
on an unrestrained a s  well a s  a re strained bi rd . 
The.mo st c onveni ent pla c e  for the pheasant t o  carry the 
transmitte r  i s  on i t s  back. With this placement the l ength 
o f  the l ead requi re d  from the transmitter to the  e l e ctro de 
o f  the l e:ft l eg i s  relatively long . Lead l ength along with 
movement of the leg eliminate s  the leg  as a pot ent ial  place 
to  lo cate an e l e ctrode in the unre strained bird, S ince 
l eads I I  and I I I  require an e l e ctrode place d in the  l e ft leg , 
a de ci s i on wa s made to  use l ead I to  obtain data c oncerning 
the pheasant heart rat e. 
Addi ti onal wo rk was done to dete rmine the relat i onship 
o f  l ead I o f  the ECG t o  e l e ctrode placement. . For compara­
tive purpo se s  the  ECG ' s were taken on phea sant #443. The 
3 tra c e s  of Fig . 2-3 show l ead I waveforms fo r d i ffe rent 
ele ctrode l o cat i ons . 
Lead I (a ) of Fig .  2-3 i s  a 3 e l ectrode system . One , 
the negative e l e ctrode , i s  placed at the base  o f  the  right 
wing, RW(- ) ;  se cond , the positive e l e ctrode , i s  plac e d  at 
the base o f  the l eft wing� LW(+) ·� and thirdly ,  the  common 
ele ctrode is l o cated  at the thigh of the left l e g ,  LL 
8 
Iea.d 
r (a) 
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�'."\ig. 2-3 Photograph 'of' ECG, lead I 
{vertical 250 rV/cm� horizon4:al 50 ms/div) 
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(ground). The amplitude of the S wave for lead I(a) of 
Fig. 2 -3 is smaller than the amplitude of lead I of Fig . 
2 - 2 . Thus, by placing at least one wing electrode nearer 
the heart the voltage amplitude for lead I is increased. 
This increase agrees with what Gross6 reported for the 
chicken. 
There appears to be some musQle potential artifact in 
the first cycle of the ECG of lead I(a). This type of 
muscle activity doe·s not appear to obscure the S wave 
deflection so no major difficulty in determining heart 
rate is anticipated, 
The second ECG of Fig. 2-J, lead I(b), is a 3 electrode 
system where the RW(-) and LW(+) electrodes were positioned 
as for lead I of Fig. 2 - 2  and only the common electrode was 
moved. The LIJ (ground) electrode was moved to the middle of 
the back. Compared to lead I of Fig. 2-2 the waveform of 
lead I(b) of Fig. 2-3 is very similar. From this similarity 
it appears that the placement of the ground electrode is 
not critical. This allows one some choice in selecting a 
convenient position for the ground electrode. Thus, lead 
I with the ground electrode located. on the back seems to be 
the most practical lead to use for transmitting the heart 
rate from an unrestrained bird. 
Lead I(c) of Fig. 2 -3 is a waveform that was recorded 
for a 2 electrode system with the RW electrode placed at the 
10 
base of the wing and LW (ground) electrode located midway 
between base of wing and the center of the breast bone. 
This waveform was included to show that with a 2 electrode 
system there is more base-line interference than with the 
3 electrode system. 
2-4 ECG voltage and electrode i�pedance 
Electrode impedances were investigated to aid in the 
designing of the b�otelemetry transmitter. As discussed 
in Sec. 3-3, knowledge of the impedance between electrodes 
was needed before the differential amplifier of the bio­
transmi tter could successfully be designed. 
Electrode impedances are complicated and according to 
Geddes and Baker an accurate representation of electrode 
impedance  is difficult to obtain from a living subject.9 
Electrode impedance is defined in this paper to in�lude 
the impedance of 2 needle electrodes and that of the bio­
logical tissue between them. For simplicity, a resistive 
model of impedance was chosen. An equivalent circuit for 
determining values for the ideal voltage source (Vs) and 
electrode impedance (Rs) is shown in Fig. 2-4. 
11 
RW Ele ctrode 
W Ele ctrode 
Fig , 2-4. Equivalent circuit 
The voltage di:f:ference between the RW and LW ele c t rodes 
has been d e fined as lead I o f  the ECG. A new variable Er 
12 
is defined as the peak-to-peak voltage of l ead I and i s  the 
voltage a c ross the resistance r. The value o f  the  resistance 
r was pi cked to  be smal l  with respect to the input impe dance  
R (lM ohm) o f  the  R5030 scope . S ince r and R a re parallel  
resistors and r<< R the load on  the  generator is  given by 
rR A,.. rp = . R + r = r ( 2-
1) 
The 2 resistances Rs and r form a voltage divi d e r  wi th 
the voltage acro s s r be ing 
Er = Vs Rs : r (2-2) 
By using 2 di fferent resistors, r, and measuri ng Er , 
2 relat e d  equations can be formed from Eq . (2-2). Wi th 2 
equati ons and 2 unknowns values :for Rs and Vs can be computed, 
The impedanc e  bet ween ele ctrodes (Rs) was found to be .923 K 
ohms and the  i deal voltage source (Vs) was found t o  be 62��-N. 
13 
CHAPTER I II 
TELEMETRY SYSTEM 
3-1 Introduction to biotransmitter 
Transmitters have been developed that telemeter physio­
logi cal data from birds. For example, Roy10 et al. describes 
a 2- c hannel transmi.tter for telemetering biolog i cal data 
from birds in fl ight. A short range biopotential tele­
metering system was developed by Fryer11 et al. and was 
used to measure the el e ctro card iogram o f' a c h i cken that 
was allowed freedom to move about a room. Reec el2 et al . 
describes a frequency modulated radio transmitter that can 
be modified to telemeter either body temperature or bio-
potentials. 
The· biotelemetry transmitter used in th is :feasi bility 
study is shown in blo ck diagram form in Fig. 3-1. The 
ECG 
SIGNAL 
TRANSDUCER 4--� AMPLIFIER M ODULAT OR 
CARRI ER 
FREQUENCY 
OSC ILLAT O R  
Fig. 3-1 Blo ck diagram o .f  biotransmi tter 
274249 
ECG signal and e l e ctrode s used as transducers have been 
di scuss e d  i n  Chapter II. An integrated circuit chip was 
used t o  provi de component s f'or the construct i on of' the 
bi otelemetry t ransmitte r .  A n  ampl i fier  as  shown i n  t he 
blo ck d iagram o f  Fig. 3-1  i s  needed to  provide ECG s i gnal 
ampli fi cat i on . The transmitting system i s  capabl e o f  
gene rat ing a carri er signal, modulating thi s  carrie r  with 
info rmati on ( ECG signal) ,  and radiat ing the modulat e d  
carrie r  i nt o  space.  
3- 2  S GJ801 QuikChip 
14 
. The i nt egrated circuit chip available  for use in  thi s 
pro j e ct was a QuikChip from S i l i con General , t he S G3801 .1 3. 
The SG3801 QuikChip i s  a monol ithi c IC breadboard c onsi st­
ing of ove r  50 separate elements . The QuikChip e l ement s 
are npn t ransi stors , pnp transi stors , diode s, re s i stors 
and voltage-variabl e capacitors. A layout.o f  the c ompone nt s. 
i s  given on the QuikChip worksheet shown in Fig .  3- 2.  The 
Qui kChip workshe e t  i s  a s cal e d-up drawing of the face o f  
the.chip . The dimensi ons of' the face  of' the chip are 0 . 070" 
x o. 08 5". 
The e lement s of the QuikChip are fabri cat e d  in  such a 
way that the  leads are brought out to metal i z e d  pads . The se 
pads can be interconne cted with an ultrasoni c .wi re bonder 
that bonds o. 0007" 
·
diamet e r  wire . Seve ral metal i z e d  pads t hat 
., 
R1-50k R2-30k 
BIAS 
10k RS 10k 
BIAS 
R3-30k R4-50k 
10k RG 10k 
0-'V\A.� o---tvVv--o--.J\/\lv--0 
6k 
4k 
2.5k R11 2.5k 
· oA/YO'VvO 
1.Sk R13 1.5k 
Ol\/'vO'\lyo 
1.0k R15 1.0k 
cNv<Y\lvO 
600 fi17 600 
cYV\rY\/W 
400 R19 400 
oVvo'v'\tO 
250 R21 250 
oVvoVvo 
150 R23 150 
CY\l\tO\lvO 100 R25 100 
O\lvOVvO 
60 R27 60 
oVv;YVvo 
40 R29 40 
o/VvOVVO 
25 R31 
R7 Gk 
P.9 4k 
~ 
Z\ 
:la:\ 
A 
~ 
25 
� 
o-£11p-o 
 
15 R33 15 
TUB 
BIAS 
SUB-
STRATE 
-s.701 
6 
�70; 
�� 
�03 
6_, 
�04 
._.,_, 0 
6k RS 
4k R10 
ii 
Ji 
otfo 
Ii 
~ 
6k 
4k 
2.Sk R12 2.5k 
ol\/•vO"vV> 
1.5k R14 1.5k 
01\/VO'Vyo 
1.0k R16 1.0k 
olVV::A/vO 
600 R18 600 
ot'\/vo\l\-0 
400 R20 400 
� 
250 R22 250 
OIVVO\IYO 
150 R24 150 
oA.A-OVvo 
10G R26 100 
0'\/\.�-0 
60 R28 60 
c:Nvol\/'VO 
40 R30 40 
01\AOVVO 
25 R32 25 
SUO-7\RAT\}:o� 
011 o--1\/V'v--o--Vv\r-O 
15 R34 15 
H'• 3 2 ... ig. - . QuikChip worksheet 
are not connected to elements are also provided on the chip. 
These nonconnected pads can be utilized for element inter-
connections to minimize wiring cross-overs. To provide 
external lead connections for the elements, the QuikChip 
is mounted on a header which has 1 0  external pins. The pins 
of the header can be connected to the elements of the chip 
with the wire bonder. 
3-3 Differential �mplifier 
As discussed in Sec. 4-7 the ECG signal was not large 
enough to produce frequency modulation. In order to produce 
frequency modulation the ECG signal must be amplified • . 
Lead I(c) of the pheasant ECG as shown in Fig. 2-J shows 
that when single-sided input of the oscilloscope was used 
there is more base line interference than when differential 
input was used to record the ECG , 
To provide ECG signal amplification a differential 
amplifier was chosen. In a differential amplifier neither 
input is at ground potential and the amplifier provides an 
output proportional to the difference of potential between 
the input terminals. Since the output of the differential 
amplifier is proportional to the difference of potential 
between innut terminals common-mode signals or signals ... , 
which.are in phase and applied to both input terminals 
cancel each other. 
16 
17 
The design of differential amplifiers is given in the 
li teraturel so only a fe.w brief details are presented. A 
differential amplifier as shown in Fig. 3-3 was· designed 
using available components on the SGJ801 QuikChip. Even 
though this is only a single .stage o:f amplification it 
provided sufficient gain to amplify the ECG signal :for the 
feasibility study. The gain of the differential amplifier 
is given by the equation 
Vo Av = -----V1 - V2 
= _.__f3
R c __ 
(3-1) 
Eq. (3-1) assumes that the transistor parameters are identi­
cal and Rx(/3 + 1) // rb'e and>/R8• By using the QuikChip, 
Ql is matched to Q2 and Rei is matched to Rc2 since the 
components are fabricated during the same diffusion time. 
This is an important :feature of the differential amplifier 
since any change in gain in one side of the amplifier will 
be balanced out by an equal change in the other side. 
A resistive model of the bird is shown inside the 
dashed lines in Fig. 3-3. As determined in Sec. 2-4, the 
resistance between electrodes, Rs is .923 K ohms. The 
input voltage vi = (v1-v2) to the differential amplifier 
as determined in Sec. 2-4 is 625 Jl. V .  This assures that 
Vi does not equal v2 and also assures that the base of 
transistors Q1 and �2 are not tied directly together. 
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Ix! Rx RB RB 
- VEE -1 
Reference I 
Rs 
Iv 
L __ _J 
Fig. 3-3 Di f:ferential ampli fi er 
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A single-sided o utput was used to  c omply with the cir­
cuitry that foll ows the different ial amplifie r  in the bio­
t ransmi tter. For a single- sided output, the gain i s  one­
half t hat for a di fferential output and is given by the 
equati on 
p RC 
= ���--�--� 
2 (R + rb' ) S e 
In Eq .  (J-2) a value for rb ' e can be cal culat ed from 
( 3- 2) 
( 3�3) 
The value of' .A.= 40 at room tempe rature i s  give n  by d e:fini­
ti on.1 The ampli fication fact or /3 can be found from the 
stati c  coll e ctor characteri sti cs o f  the QuikChip t ransi st o r  
used. By choo sing a value for Ic,  a val.ue f"or rb, e can be 
calculated . The gain Av' can be determined a s  shown in 
Sec. 4-1 . Since ,.B , rb'e and Av' :an be  found and Rs i s  
known , Re can be calculated from Eq .  ( 3-2) .  
3-4 Carrie r  Frequency Oscillator 
The carrier frequency oscillator of the biot elemetry 
transmitt e r  was de signe d using scattering or s-paramete rs .  
Scattering parameters are used to characte rize 2-port 
networks  and have been described in detail in othe r refer­
ence s . 3 • 14�1s;1 6  T o  measure the gene ral s-parameters the 
2-port network is conne cted  to a system that has a source, 
j 
load and characteri stic impe dance all equal t o  z0• Fig . 3-4 
indi cates the measurement system. Spec i fi cat ions for t he 
speci�i c measuring equipment, whi ch i s  available at S outh 
Dakota S tate University, are given in Kim ' s thes i s . 16 
The 
. , al M----::; + 
, . vl 
b1 < � -
2�p o rt 
network �a 2 
Fig . 3-4. 2-port network 
s-parameters are defined in the equat ions 
bi = 611a1 + s12a2 
b2 = s21a1 + s22a2 · 
(J-4) 
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The a ' s and b's represent the inci dent and reflected voltage 
waves Vi and Vi - norma l i zed to  JZ":. The s-parameters are 
related to power rati o s  since J ai I 2 i s  the p ower inc ident 
on the i th port and I bi I 2 i s  th e power re:flected from the 
ith po rt, The s-parameters can further be des c ribed by 
the incident and reflected voltage waves by the equat ions 
v -;v + 1 1 
- + V2 /V1 
v + =: 0 2 
21 
(J-5) 
v
2
-;v
2
+ 6
2 2  
= 
T o  mea sure s11 and s21• the s i gnal from the generator 
is applied to the lert of the 2-port netwo rk a s  shown in 
Fig. 3-4. By terminating the right side o:f the 2 -port net­
work with Z0, v2+ = a2 ffo is set equal.to o . The character­
istic im?edance Z0 of the system used at South Dak o ta S tate 
University is 50 ohms, The 50 ohm terminati on a bs o rbs all 
incident power and insures that no reflected waves will 
occur at either the load or the generator. Parameters s12 
and s22 are fo und simi larly by revers ing the generator and 
the load to set v1
+ 
= a 1 Jz0 equa l to o. The pa rameters 
s11 and s22 are the input and output reflecti on c o e:ffi cients 
Of· the 2 -port network while s12 and s21 are the reverse and 
forwa rd tra n smissi on coefficients. 
A bl o ck diagram or an oscillator is shown in Fig. 3-5 .  
The oscill ator consists of· 3 parts ; (1) an a ctive 2-port 
network, (2) a pas sive input network and ( J) a loa d  as the 
output terminati on • 
.______j· 
---, 
PASS IVE .--­
NETWORK , 
ACTIVE 
NETWORK -- LOAD I I 
L ______ _J 
Fig . 3-5. Block diagram of oscillat o r  
Th e refle ct ion coeffi cient s at the active and pass ive 
network port s  are s•11 and Tp respectively . Fo r the active 
network wit h  an arbitrary load, ZL, the . input reflec t i on 
coeffi cient s • 11 i s  given by 
whe re 
s'  -11 -
ZL - zo 
ZL + Zo 
(3-6) 
Dupre4 and Anderson15 show that if at some frequency 
the condition 
( J-7 )  Tp s • 11 = 
1 
is sat i sfied the circuit wi ll osci llate at that frequency . 
Thi s  i s  the Nyqui st criteri on for o scillation with a given 
source ( pas sive network ) and load. Since Tp i s  the reflec­
tion coeffi c ient of the passive network its value will be 
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less than unity. To satisfy Eq. {3-7) the parameter s•11 
must be greater than unity. 
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When the active network and the load have been com­
bined as shown in Fig. 3-5 the input reflection coefficient 
s•11 can be measured . SawreyJ has shown that when s•11 is 
greater than unity the combined circuit may be treated as 
a 1- port device with a negative driving point resistance. 
A sinusoidal oscillator will be obtained if the reflection 
coefficient Tp of the passive network is equal to l/s'11• 
Plots of l/s'11 and TP as functions of frequency can be 
plotted on a polar plot such as the Smith Chart which aids 
in the design procedure . 
The oscillator design method described above does not 
require that the fre quency response of each individual 
component be known. Thus, the s-parameter technique gives 
the designer an accurate way of designing the operating 
frequency of the oscillator. 
3-.5 Modulation 
·The information to be transmitted by the bi otransmitter 
is the heart rate of the pheasant. In continous-wave mod ­
ulation, the amplitude, phase or frequency of a specified 
sine wave (the carrier) is altered in accordance with the 
information being transmittea. 17 Frequency modulation of 
the crystal co�.trolled os c illat or is possible• The Smith 
Chart pl o t  of the reflection coefficient shows that a fre­
quency change can be obta i ned wi th a reactive change in 
impedance. 
The modul ation index mr for frequency m o dulati o n  i s  
gi ven by the equation 
m:f = = (J-8) 
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By definition mf i s  the ratio of the deviation of the carrier 
frequency o :f to t-he s i gnal frequency fm. By choosing the 
mo dulat i o n  i ndex mr, a value for the frequency deviation 
6 r· needed can be calculated. A value for kr which is a 
con stant o f  the system can be d ete rm ined from a p l o t of 
frequency shift of the o s c i l lator versus vo ltage applied to 
the nonl inear element u sed. The variabl� h of Eq. {3-8) 
i s  the m�gni tude of the signal si ze needed to pro duce fre­
quency modulati on. 
Since t·he ECG signal was not large enoµgh to produce 
frequency m odulat i o n, ampl i fi cation of the ECG s i gnal wa s 
necessary. To provide ampl ifi cati on the dif.ferential ampl i­
fier a s  discussed in Sec. 3-3 was used . The ampli f i ed ECG 
signal must be large enough to produce frequency modulation. 
Thus h of Eq. (3-8) is equal to V'0 of Eq. (3-2). Since 
the input vi and output v•0 of the amplifier ca
n be deter­
mined, the gain of the amp l i fier can be calculated. 
CHAPTER IV 
BIOTRANSMITTER DESIGN 
4-1 Biotransmitter 
A block diagram of the biotransmitter is shown in Fig . 
3- 1 . In 'Chapter III each bl o ck of Fig . 3-1 was discussed 
from a theoreti cal point of vi ew . Chapter IV c ontains the 
practi cal and experimental designs of the individual blo cks 
of the  system . To comply with the small  size n ee de d  for 
the c omplete  bi otransmitter a single l . J4 volt  batt e ry was 
chosen as the power supply . 
4- 2 Diffe rential Amplifi er Design 
A d i ffe rent ial amplifier was built using c omponents o f  
t h e  SGJ801 QuikChip. The parti cular components t hat were 
requi re d  fo r the design are indi ca�ed on the Qui kChip wo rk­
sheet in Fig . 4-1 . Values fo r these c ircuit el ements are 
given in the complete biotransmitte r schemat i c  diagram in 
Fig . 4-11. 
As given in Eq . (3-3) a value for rb ' e is 
(4-1 )  
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The coll e ctor current, Ic, of the diffe rential ampl ifi e r  was 
chosen to be 50 /'4amps. The parameter _A_ is equal t o  q/kT 
. 1 and has a value of 40 at ro om temperature . Typi cal stat i c  
colle ct o r charact e rist i cs o f  the high frequency npn t ransi
st ors 
·. 
4 ·--�--��2�.5�1<�. h�'1�i-=2=.5 k 
CA/\;-':.'JVVO 
1.5k R 13 1.5k 
CYv'-·/..).Y'../J 
1 
5 
• 
6 
BIAS 
R4-50k 
1.5k R14 1.Sk 
OA/\101\/\-0 
. Fig. 4-1. QuikChip components of oscillator 
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27 
are given in Fig . 4-2 .  For small values of col lector current 
·13 was determined to  be 80. The value calculated for rb ' e 
i s  40 K ohms . S ince Rs is equal to  ,923  K ohms, Rs is 
much l e ss than rb ' e• Therefore, Eq .  (3-1) can be reduced 
to the simple form 
f3 R -A-- IcRc Av•  = c. = (4- 2 ) 2 rb' e 2 
S ince the required gain was 3.9 as determined in S e c . 
4-7 and le was p i cked to be 50 ,.LA.amps, the cal c ulated value 
of resistance for Re was 3. 9 K ohms . The 4 K ohm resistors 
of the QuikChip were the close st values t o  3 . 9 K ohms and 
were chosen for Re .  
By fixing VcE to be .54 volt and since Ix = 2 Ic = . 1 
mi ll iamp , the l oop equat ion 
VEE = IxRx + VcE + IcRc (4-3) 
can be solved for Rx . The value 0£ resistanc e  neede d for 
.. Rx as determ ined :from Eq . (4-3) i s  6 K ohms . 
By wri t ing the loop equat ion 
VEE = IxRx + VEE + IBRB (4-4)  
a. value for the base resist or RB can be determined. Assuming 
-VBE ·t o  be • ?v and using the expressi on Ic 
= � I B the re sistance  
value for RB needed is 64 K ohms . The 50 K ohm resist ors
 of 
the QuikChip we re used.  These resistors actually measured as 
78K ohms with an ohmmeter, but they operat ed satisfact orily 
in the circuit . 
-
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I 4 .o 
Fig. 4-2. Stat ic collector character i st i cs 
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Aft e r  bonding for the circuit wa s fini shed the :follow­
ing mea surement s were taken 1 VEE = l . J4v , VcE = . 5v ,  IcRc = 
, 2lv , IxRx = . 63v with Av • = 3. 6 .  
The c ommon-mode re j e ction rat i o  { CMRR ) o f  a di :fferential 
amp l i :fi e r  i s  CMMR = 
Av ( dif·f )  
'A common v 
( 4- 5 ) 
and i s  defined as · the rati o  o f  di fferential gain  to  common-
mode gain . The CMRR i s  a measure o :f how wel l  the  d i ffe rential 
ampli fi e r  re j e ct s  a s i gnal which appears simultaneo usly and 
in phase  at both input terminal s . I The different ial and 
common-mode gains of the di:ff'erential ampli fi er bui lt using 
component s of' the QuikChip were measured . The cal culated 
value of'  CMMR was found to  be 750 . Expre ssed in dB , the 
c ommon-mode re j e ction ratio  of  the different ial ampl i fi er 
i s 57 . 5  db . 
The input impedance of the dif:ferent ial ampli f'i e r  was 
measured and :found to be 41 K ohms . As was d i s cussed in 
S ec .  2 -4�  the output impedance of the signal source ( ECG 
waveform ) wa s determine d  to  be , 923 K ohms . S ince the input 
impe dance o f  the ampl i fi e r  i s  much .
greater  than the output 
impe dance of the signal source , very little  l oading of the 
signal s ourc e o ccurs . 
For the o s cillato r  as  shown in blo ck diagram :form in 
Fig , 3- 1 , a modulator follows the ampl i fier .  The modulato r  
30 
pi cked for the oscillato r  wa s a voltage variabl e- capacitor 
(vari cap ) a s  discussed  in S e c .  4-7 .  The  vari cap i s  a re­
versed-b iased  diode in whi ch the j unction capa c i tance vari e s  
with  appli e d  voltage . At 151 MHz with . 21 volt s appli e d  
t o  the vari cap , the capacitance o f  the vari cap a s  d e t e r­
mined from Fig , 4-8 i s  23  pf , At 151 MHz thi s i s  a reac­
tance of - j  46 ohms . The output impedance of t he d i ffer­
ential ampli fi e r  was measured at 151 MH z  and wa s found to  
1 .7 K ohm s .  The difference o f  impedance insure s that the 
carri e r  frequency signal will appear ent i rely a c ro s s  the 
plat e s  of  the vari cap . Thi s insures that di ffe rent ial ampl i ­
fie r  operat ion will not be affe cted by the carri e r  fre­
quency s i gnal . 
4- 3 IC Limitati ons 
The o riginal intent of the aut"hor was to d e s i gn the 
enti re bi otransmitter on the integrated cir.cuit chip . · The 
di fferential ampl i fier as di scussed in Sec . 4- 2 was built  
using int egrat ed circuit chip components and sat i s factory 
re sult s  we re obtained . However,  the integrated  c i rcuit chips 
that we re avai labl e and the QuikCh ip used pre sent e d  c e rtain 
pro blems in de signing the carrier  frequency o s c i llato r  of the 
bi otransmi tter .  Inductors were required for the c i rcuitry 
of the carri e r  frequency ( 1 51 MHz ) osci llator and were not 
availabl e  on the chip . The vari caps on the chip did not 
fun ct i on at a frequenci o f  1 51 nrn z .  Th e re are a numbe r o f  
re s i st ors t hat can b e  u s e d  o n  the  chip bu t a t  1 51 MH z  
re si stan c e  val u e s  we re l imi t e d . 
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Be cau se o f  t he p re ce d ing l imitat i on s , induct o rs and cap­
a c i t o rs ext e rnal to the int egrated  c i rcuit chip  we re needed  
in d e s igning the  carri e r  frequency oscillato r  of  t h e  bi o­
transmi t te r .  
Even though only l imi t e d  re si stance val u e s were avail­
abl e , d e s i gn of the carri e r  frequency o s c i l lat o r  wa s ba s ed 
on the avai labl e chip re s i stors . There a re re s t ri c t i ons 
p lac e d  on the chip re s i stors be cause o f  unwant e d  parasi t i c  
capacitan c e  be twe en them and the i solat i on mat e rial whi ch 
separat e s  the re s i s t o r  from oth e r  el ement s .  A d e ta i l ed 
study and mathemat i cal d e s c ript i on of re s i s tan c e  ve rsus fre ­
quency o f  the QuikChip re s i s to rs i s  give n  in Agrawa l ' s  
the si s . 18 
4-4 A c t ive C i rcuit  
The carri e r  f requency o s ci llator of the  bi o t ransmit t e r  
as shown in Fi g .  J- 5  consi st s  o f  3 part s : ( 1 ) a n  a c tive 
ne two rk ,  ( 2 ) a pa s s ive netwo rk and ( J ) a l oa d  t e rminat i on . 
As sta te d  i n  Chapte r I ,  the carri e r frequency wa s chosen  t o  
be 1 51 MH z be cause o f  exi sting re c e iving equipm ent . 
The  c i rcuit stabi l ity fa ctor , S f o f  the a c t i ve devi c e 
i s a meas ure o f  th e c hange in I c caused by a change i n  I c Bo • 
As defined ,  Sf can neve r be l e s s  than unity  and a s  S r  
approache s unity the circuit be come s l e s s  sensi tive t o  
temperature variat ions . 19 S ince IcBO i s  prima ri l y  a ffe cted 
by change in temperature , s f is an important fac t o r  for 
circui t s  that are expo sed to  wide t emperature variat i ons . 
Be cause the S outh Dakota temperature may ' vary :from - 2 0°F 
in the wint er  months to  over l 00°F in the summ e rt im e  the  
transi st o r  o f  the active devi ce was emitter-bia s e d . The 
stabil ity fa ct or  was designed to  be unity by de  grounding 
the base o f  the transi stor of the active c ircui t . The 
stabil ity factor of the final circuit as shown in Fig .  4-11 
i s  unity be cause the base of  the transi stor i s  de  short ed 
through the  0 , 08 � H  inductor .  
The terminal s marke d E , B and C in  Fig . 4- 3  fo rm· a 
thre e te rminal network . Using te chnique s as  sugge st.e d by 
K • . ·1 6  4 d .t- th 3 t 
. 1 1m , s-_parameters were measure .L or · e ermina 
network . 
$1 2  = . 12 
The se  4 s-parameters are s1-1 = 1 . 2 ) �4° , 
�0, s21 = 1 . 8 �o and s22  = , 92 �0• 
For the se  measurement s  the signal source generato r  wa s set  
for an o utput o f  1 mi llivolt .  
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The t ransi stor and emitter re sistor of  the a ct ive circuit 
as shown in Fig . 4-3 are component s of  the SGJ801  QuikChip . 
The emitt e r  re s i stor i s  used fo r biasing . The ope rating 
po int of the t rans istor is Ic . = '. . 64 milliamps and VcE = . 7 
volt s .  
B 
l K _A... 
l . J4v 
c 
4 pf 
E 
Fi g . 4- 3 Diagram o f  act ive circuit 
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Aft e r  obtaining the value s 
. 
.for the 4 s-paramet ers they 
are subst i tuted  into Eq . (3- 6 ) to determine s • 1 1 • The 
parameter  s ' 11  is the reflection coeffi ci ent of a 1 -port 
active network with an arbitrary · load ( Z L ) as  shown in Fig .  
3- S .  Eq .  ( 3-6 ) i s  repeated in Eq .  ( 4-6 ) for clari ty . 
s ' 11  = s11 + 
= 1 . 23 �o 
whe re TL = 
+ 
·s12 s21 TL 
l- - s22  TL 
. 216 621° TL 
1- , 92 ;=.1a0 TL 
(4-6 ) 
Table 4- 1 i s  included to  show that s ' 11 vari e s  when 
di ffe rent loads ( Z L )  are appl ied to the output terminal s 
of the  act ive devi ce . As stated in Sec . J-4 the value for 
Z 0  i s  50 o hms for the s-parameter measuring equipment . 
Value s fo r s • 11  are cal culat ed for ·3 value s o f  Z L •  S ince 
Tp i s  le s s  than unity , the value for s • 11 .must be greater  
than unity to  sati sfy Eq . ( J- 7 ) which is  
( 4-7) 
Point s for l/s • 11 where s • 11 > 1 are plotted on the Smi th 
Chart and are ident i fied  as point s A and B in Fig . 4-4. 
4- 5  Input and Output Terminati ons .for the Act i ve Devi ce 
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A nee d  for a frequency stable transmitter exi st s for low 
powere d bi otel emetry transmitters . The range o f  a t rans� 
mi tte r  i s  determined not only by transmitter output p owe r ,  
Z L TL 
>> 
. . z o l 
=Z 0 0 
= O  - 1 
Table 4- 1 
Calcula ted Values fo r s ' 1 1 at f = 1 51 MH z  8 ' 11 � 
. 70 - 74° 1 . 2 3 -44° 1 . 3 5 -45° 
1 1/s ' uj6/s • 1 i 
. 81 5 +44° 
, 74 +45° 
l/s ' 1i Point 
on . F i g .  4 -5 
A 
B 
3 5 
J6 
but al so  by re ceiver sensitivity and bandwi dt h . Frequency 
stabi l i ty i s  an important factor in transmitter  d e s i gn since 
it determine s the minimum bandwidth ne eded by the re ce iver . 
To p rovi de thi s stabil i ty the input terminati on o f'  the act ive 
devi ce  was cho sen to be a quartz C�Jstal . The input t ermina­
t i on o f  the active circuit is the passive network o f  the 
o s c il lat or  as shown in Fig .  J- 5 .  Crystal s have h i gh qual ity 
facto rs ( Q ) whi ch made them very narrow band devi ce s . It 
i s  impo s s i bl e  to  cut crystals  for operation on a f'undamental 
frequency of 1 51 MHz. The crystal s use d in thi s pro j ect  
were operat ed  on  7th overtone s .  A plot o f  TP ' the  refl e c­
t ion coe ffi ci ent of  the crystal , as a functi on o f  frequency 
i s  shown in Fig .  4-4 . 
As stated in Sec . J-1 the transmitter must be capable 
of radiat ing suffi cient energy for re ception by a ·re ce iver . 
To help radiate energy a transmitting ant enna was employed a s  
the l oad o f  the active network . S in�e the phea sant i s  not 
physi cal ly abl e  to  carry a large antenna , a cho i ce betwe en 
a �mall l o op antenna and a whip antenna was mad e . Othe rs2 , 1 0 , 20  
have u se d  wh ip antennas with bi otelemetry transmi t t e rs and 
have obtained good re sult s .  Pi enkowski
2 0 indi cat e s  that 
for a sho rt whip antenna effi ciency is  an ord e r  o f' magnitude 
higher than for the l o op ant enna . However,  for s impli c i ty 
of de sign a l oop antenna was used for the transmi t t e r .  
37 
. ,_ 
\ . 
, _ 
Note a Al l Frequenc i e s _ given in MHz 
Fig .  4-4 . Smi th Chart= pl ot 
• 
4- 6 Design Procedure of Oscillator
. 
A crystal was picked as the passive network of the 
oscillator as discussed in Sec , 4- 5 ,  Measure d values of  
Tp , the ref1 e ction coef'ficient , are listed in Table l�- 2  
and a Smith Chart plot is given in Fig .  4-4. For these 
measurements a signal source of 1 millivolt was used , The 
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frequen cy of' the generator was changed to obtain in f-ormation 
concerning how TP of the crystal varied with frequency , 
The 4 s-parameters of· the active device were measured 
as discussed in Sec . 4-4 . With proper choice o f ZL , the 
parameter s • 1 1 can be made greater than unity as shown in 
Table 4- 1. The parameter s ' 1 1 must be greater then unity 
because Tp shown in Table 4- 2 is less than unity and to  
satisfy �q. ( 4- 7 ) ,  l/s • 11 
must equal Tp at th e freq uency 
of interest. 
A loop antenna was formed f'rom a copper strip 1/2 " wi de 
by 7 " long with an approximate radius of 1 1/8 ''. The re­
f1ection coefficient of the loop was measured at a·- freq·uency 
of 1 51 MHz and was found to be . 96 L{61° , Thi s  point is 
plotted on the Smith Chart in Fig . 4-4 as point C. From 
the Smith Chart the series impedance of the loop wa s found 
to be 50 ( . l + j 1. 7 )  ohms or ( 5  + j 8 5 ) ohms. This im­
pedance is the load ( z 1 )  o f the active device. The value of  
T 1  is needed to calculate a val ue for s ' 1 1  r·rom Eq . ( 4- 6 ) .  
The calculated value of' s '  1 1  is equal to 1 .  24 � · 
39 
Tabl e 4- 2  
Re fl e ct i on C o e ffi c i ent of t h e  C rystal 
Fre quency 
( MH z ) I Tp I 6 
1 51. 003 . 93 - 37 
1 51 . 026  . 8 7 -42 
1 51 . 0 3 5 . 60 - 70 
1 51 . 0 37 . 28 - 8 2  
1 51 . 0 39 , 48 +10 
1 51 . 041 . 68 - 3 
1 .51 . 045 . 74 -1 5 
1 51 . 052  , 7 5 - 2 6  
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The l o op antenna and the active c i rcuit we re combine d 
to form a 1 -port network as shown in Fi g .  J- 5 .  With the  
l oad spe c i fi ed � the  input refle ction coeffi c ient of the 
network can be measure d . Using the s-paramet e r  measuring 
equipment at a frequency of 151 MHz � s ' ll was found to equal 
1 . 20 & / -
The m easure d · value of . l/s •
.�1 equal s . 8 34 � and i s  
shown a s  p oint D in Fig .  4-4 . To sat i sfy Eq .  (4- 7 )  the plot 
o f  l/s ' 1 1  of the a ctive circuit must equal the plot of Tp 
of t he pas s ive c i rcuit at the design frequency . A s  shown 
in Fig . 4-4 the plot of  l/s ' 11 ( point D )  does  not equal  
the  plot of  Tp . S ince the crystal and thus t h e  refl e cti on 
c o e ffi ci ent ( Tp ) are spe ci fi ed , the act ive ci rcuit must be . 
rede s i gned t o  sat i sfy Eq .  { 4- 7 ) .  
In orde r to manipulate the plot o f  l/s ' 1 1  an . i nductor 
was added a c ro s s  the input terminai s of the a c tive devi c e  
a s  shown in Fig .  4- 5 .  I ncreasing the value o f  inductanc e  
moved t h e  p l o t  o f  l/s • 11 clo ckwi se along a path o f  constant 
c onductance . To further manipulate the plot o f  l/s ' ll • the 
emitter- t o - ground capacitor was changed . The magnitude of' 
s ' ll vari e d  when the emitter-to-ground capacitor
 was changed . 
By varying the inductor and capa citor,  the active c i rcuit 
plot o f  l/s ' l l  was moved from point D to
 po int E in Fig . 4-4 . 
A frequency o f  1 51 MHz was maintained . 
_L 
D 
Tp s ' 1 1 
I 
Cryst al 
PASS I VE 
NETW O R K  
L . l� h  
l K.A... 
c 
l . 34v -
ACTIVE 
NETW O R K  
Lo op 
Ant enna 
Fi g .  4- 5 1-po rt n e twork s  com b i n e d  to fo rm o s c i l lat o r  
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T o  o btain a more complet e de s cript ion o f  l/s • 1 1 , the 
re fl e c t i on c o e ffi c i ent ( s • 11 ) o f  the active c i rcuit  wa s 
measure d a s  a funct ion of  frequency . Value s o f  s • 1 1  and 
l/s ' 11 a s  fun ct i ons of  frequency are given in Table 4 - J . 
A plot  o f  l/s ' 11 as a funct i on of frequency i s  shown a s  
the " act ive c i rc ui t "  plot i n  Fig .  4-4 . Point E o f  the 
" active c i rcuit " i s  j ust 1 po int on the curve . At  p o int 
E in Fig . 4-4 ,  the plot of l/s ' 11 o f  the active network 
4 2  
i s  tangent o r  equal to the plot o f  Tp o f  t h e  pa s s i ve netwo rk 
at a frequency o f  1 51 . 04 5  MHz . Eq .  ( 4-7 ) indi cat e s  that i f  
at some frequency a circuit sat isfi e s  the expre s s i on l/s • 11 
= Tp then that c i rcuit wi ll  o s cillate at that frequency . 
The 1-po rt networks of Fig .  4- 5  were combined t o  make  an 
o s cillat o r .  The frequency of  the re sulting o s c i l lator 
was che c k e d  and found to  be 1 51 . 047 MHz . Thi s is  a fre-
quency deviat i on of  2 KHz from the pre di cted  frequency . _ 
The int e rnal conne ctions of the �C use d for the t ran­
si sto r and emitter re si stor are shown on the I C  breadboard 
diagram in Fi g .  4-1 . The p ins of the IC and the leads o f  
all ext e rnal components used were soldered t o  a p rint e d  
ci rcuit board . At 1 51 MHz lead lengths are cri t i cal be cause 
they have an e ffe ct on equival ent component val ue s .  The 
printe d  c i rcuit board provides a means of  fixing lead  l engths 
to a part i cular s i z e  wh ich mini�i z e s  stray e ffe ct s . A 
drawing o f  the printed circuit board showing component
 layout 
i s  illust rate d  in Fig .  4- 6 . 
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Table 4-3 
Re fl e cti on Coeffi cient of Active Netwo rk 
as Function of  Frequency 
Frequency I s · 11 I 6 .l/s ' 11 6 MHz 
100 i'. 28 +2 . ?8 - 2  
1 51 1 . 3 .5 +1 .5 . ?4 -1 5 
18 0  1 . 22 +27 , 8 2 - 27 
I 
I 
1 
I C rys t a l  
I 
I PAS S IVE 
I NETW ORK 
I 
I 
ACT IVE 
NETWORK 
- - - -· I 
. 
. 
Copper  
Loop 
Ant enna 
I 
I 
I 
I 
I 
I 
L _  J_ _ _ _ _  _ _J 
Fig .  4-6 . . t board . Pd  circu1 f Pri nt .... U s e  0 
. 
The 1 51 MHz receiving equipment at the :fie l d  station 
o f  the Wildl i :fe and Fi sheri e s  S cience Department was used  
so  an indi cati on of  transmis s i on could be obtaine d . The 
re ce iving system has 2 Yagi antennas locate d  atop a 50 
f'oot  t owe r .  A p reampl ifier capable of  50 db gain with a 
1 MHz bandwidth i s  used to  ampl i fy the incoming s i gnal . 
It  was found that using the re ceiving equipment d e s c ribed , 
the 1 51 MHz o sci llat or wa·s abl e to  transmit a u sabl e 
signal 1/8 mile . 
4-7 Frequency Modulation 
The modulator in  the biotransmitt e r  must be capabl e of: 
providing a frequency deviat ion so  that the bi o t ransmit t e r  
c�n pro duce a frequency-modulated wave . The frequency 
deviat i on of the modulator must be proportional to the  
instantaneous value of the  modulat:i:ng signal ( ampl i fi ed ECG 
signal ) , 21 To vary the :frequency of the carri e r  a variable 
reactance i s  incorporate d  into the frequency dete rmining 
portion o f  the carri er frequency o scil lator . A s  di s cussed  
in  S e c . 4- 5 ,  the  o s cillat or i s  de signed so that the  frequency 
det ermining e l ement i s  the crystal . The refl e ct i on coef­
fi cient plot , TP ' o f  F
ig . 4-4 shows that a change o f  48 KH z  
i n  the c rystal plot can be real i zed with a reactive and 
re s i stive change from point X to point Y .  To p rovi de the 
change ne e ded  to vary the frequency o f  the carri e r , a vari cap 
was placed  i n  seri e s  with the crystal as  shown i n  Fi g .  
4-? . 
A s  spe c i fi ed in Chapter I ,  the carrie r  frequency o f  
46 
the t ransmitter i s  1 51 MHz . The vari cap s that we re availabl e 
on the QuikChip di d not operate at a frequency ·o r  1 51 MH z 
so  an e xternal element had to  be used . A plot o f  capac -
i ci ta�ce ve rsus applied voltage for the external vari cap i s  
shown in  Fi g ,  4-8 . The measurement s were made on a Boonton 
RX meter at a frequency of 1 51 MH z . 
The magnitude o f  the s i gnal si ze  needed t o  p ro duce 
narrow band FM can be dete rmined from Eq .  ( 3-8 ) arid i s  
mf wm h = 
kr 
(4- S )  
In Eq .  ( 4- 5 )  a practi cal value for mf i s  , 5  for narrow band 
FM systems . 1 7 The value for wm i s  2 Tf fm whe re fm is the 
frequency re sponse of the modulating signal ( EC G ) .  Ba s e d  
on t h e  ECG data o f  Chapter I I  a frequency re sponse o f  500 H z  
wa s  assumed for the ECG signal . Thus , fm i s  500 H z  and wm 
i s  10001f Hz . When narrow band FM i s  used t o  t ransm i t  thi s 
signal � a bandwidth of 1 KHz i s  ne eded . 
To determine the constant kf o f  Eq . ( 4- S ) , a p l o t  o f  
frequency shi ft o f  the o scillator versus d e  vol t s  app l i ed 
to the vari cap i s  shown in Fi g .  4- 9 . The value for kf i s  
4 · d f t·he l ower port i on of 2 . 26 X 1 0 Hz/volt as determine rom 
the curve o f  Fig . 4-9 . The si�al s i z e  o f  the varia ble  h 
Crystal 0 lK.A-
• 2µh 
. 1 .a. h  2 . )p :f 
Vari -=- 1 • J4v 
cap 
Fig . 4-7 . Circuit :for te sting frequency shift 
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ne e d e d  in o rder t o  have narrow band FM a s  cal c ulat e d  from 
Eq . ( 4- 5 ) i s 1 . 76 mill i vo l t s .  The pl ot o f  4- 9 shows that 
the vari cap in s e ri e s  with the c rystal � s  capabl e o f  pro­
vi d ing a :frequency deviat i on with app l i e d  voltage . Thus , 
the vari cap i s  i dent i fi e d  a s  the modulat o r  blo c k  o f  t h e  
bl o ck d iagram o :f t h e  bi ot ransrii  t t e r  shown in Fi g . · 3 - 1 . 
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A s  the data o f  page 7 shows , th e small e st s i gnal s i ze 
e n c o unt e r e d  whi l e  taking the e l e c t ro cardiograms o :f  the  
pheasant s wa s . 4 5 mill ivolt s peak-to-peak . A s  d i s cus s e d  
i n  Se c . 3-4 , t h e  variabl e h o :f Eq . ( 4 - 5 ) i s  equal t o  v • 0 
o :f t h e  d i f f� rent i al amp l i fi e r .  Thus , the di ffe rential 
amp l i fi e r  m u st · provi de a voltage ga in of 3 . 9 t o  ampl i fy 
th e ECG s o  t ha t  the amp l i fi e d  ECG wave f'orm i s  large enough 
to p roduc e :frequen cy modulat ion . 
4-8 Fin�l C i rcui t o f  Transmitter 
The o utput o f' the d i ff'e rential amp l i f i e r  wa s conne c t e d  
t o  the  vari cap a s  s h own in Fig .  4- 11 . T h e  :frequency sh i ft 
o f  th e  o s c i l lator as  shown in Fig . 4-9 i s  a n onl i n e a r  
fun c t i on o f  app l i e d  vo l tage . To obtain a l in e a r  ( frequen cy ) 
m o d u l a t i o n c ha ra c t e ri st i c  the carri er freq u e ncy and modu­
lating s i gnal s  app l i e d t o  the vari cap mu s t  be small . Fo r 
smal l  d eviat i ons  o f  vo l ta ge a round a bias vol tage o f  . 2 1 
vo lt s  t h e  frequen cy shi ft curve o f  Fig .  4-9 i s  l inear . Th e re­
fore , t h e  va ri cap wa s bia s e d at . 21 vo l t s wh i ch i s  t h e  I c Rc 
vol t a ge d ro p  o f  t h e  d i f fe rent i a l amp l i fi e r .  
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The a d d i ti on o f  the vari cap i n  s e ri e s  w i th the crystal 
cau s e d  th e crysta l  p l o t  to change s om ewhat . A p l o t  o f  Tp 
o f  th e c ry stal in s e ri e s  w i th the vari cap i s  shown in Fi g .  
4-10 , By varying the emi tter-to -gro und capac i ty �  and 
by varyi ng the i nductanc e a cro s s  the input te rm i nal s �  the 
acti ve c i rc u i t  wa s "re tune d "  � o  that the a cti ve ci rcuit 
pl ot of l/s ' 1 1 wa s tange nt to t h e  crystal p l o t . C omponent 
value s o f  the c omp onent s u s e d  on the ch i p  p l u s  e xte rnal 
c omponents a re i nd i cate d in Fi g. 4 - 1 1 . The the o re ti cal 
p o int o f  o s c i l lati on o f  Fig .  4� 1 0  i s  1 51 . 044 MH z .  When 
the a cti ve and pas s i ve c ircuft s  were conne c te d the a ctual 
fre qu ency o f  o s c i l lati on was found to be 1 51 . 04 3 MH z . 
The total current drain of the diffe renti al ampl ifi e r  
and high frequency o s c i l lat o r  i s  . 7 5 mi l l iamp s • . The 1 . 34 
vol t  bat t e ry u s e d  i s  c ertifi e d  to op erate fo r 1 0 0 0  m ill i amp 
h ours . Th i s  wi l l  give the bi ote l em etry tran sm i tter a l i fe 
o f  5 5  days . Thi s peri o d  o f  time sho ul d  be s u ffi c i e nt t o  
study the heart rate o f  the pheasant with o ut d i sturbi ng the 
bird .  
� · 
No te s 
Fig· . 4 - 1 0 . 
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5 2  
\ 
,- - - - - -
. . 
- � -
I 
- - - - - -·  - - - - 1 
I 
Di ffe rent ial Ampl i fi e r I Carri e r  Frequency O s ci llat o r  I 
I 
' 
\ 
1 
\ 
\ 
l 
\ 
' 
\ 
' 
4K_IL 4K ..IL 
--=- l . J4v 
V 1 V 2 
78K..ll 
I I 
I . I 
I f 
I O Crystal I � 1K-1L I J_ . . o54<h I 
Vari cap -=- i . J4v I Loop I 
I . 
_ 
· . Ant enna I 
I - I 
L - - - - - - - - - · - _J  
L-_-. -LW�. _-. �R-W ___ ___.� _J 
Fi g .  4- 1 1 . Diagram o f"  c omp l e t e  bi o t ran sm i t t e r 
\.)'\ 
w 
CHAPTER V 
EXPERI MENTAL RES ULTS AND C ON CLUS I ON S  
T h e  c omp l e t e  bi ot e l em e t ry t ransm i t t e r  wa s t e s t e d  t o  
d e t e rm i n e i f  t h e  c i rc u i t  p e rforme d wi thin s p e c i fi ca t i on s . 
Th e bi ot ran smi t t e r  te s t ing s y s t em i s  sh own i n  bl o c k  d i agram 
:form i n  Fi g .  5- 1 . A s  d i s c u s s e d  in S e c . 2- 3 ,  ECG l ea d  I 
wi t h  t h e  groun d e l e ct rode l oc at e d  on t h e  ba c k  s e em s  t o  be 
the m o st p ra c t i cal l ea d  to u s e  :for t ransmi t t i ng t h e  h e a rt 
ra t e  from a bi rd . Ne e d l e  e l e c t rode s we re p l a c e d  und e r  t h e  
s k i n  a t  t h e  ba s e s  . of t h e  w ings w i t h  t h e  ground . e l e c � rod e 
· p l a c e d  und e r  t h e  skin a t  t h e  ba ck of t h e  p h e a sant . T h e  
p h e a sant wa s re s t raine d wh i l e  mea s urem ent s we re made , Two 
ECG l e a d  I wave f o rms a s  s h own in Fi g . 5- 2 we re re c ord e d  t o  
obt a i n  c ompa ra t ive ECG d ata. . Th e fi rst ECG wa ve f·orm ot: 
Fi g .  5- 2 wa s t e l eme t e re d  u s ing the o i ot ra n sm i t t e r  and t h e  
s e c ond ECG wave form wa s taken d i re c t l .y  from t h e  p h e a sant . 
To t e l em e t e r  t h e  ECG wave form , a s e t  o f  l e a d s wa s c on­
ne c t e d  be twe e n  the e l e c t rod e s  and the input t e rmi na l s  of 
the d i f fe re nt i al . ampl i f i e r of the biot ran sm i t t e r  a s  s h own 
in Fig . 5- 1 .  The modul a t e d  s i gnal t ransm i t t e d  by t h e  b i o­
t ransm i t t er wa s re ce i ve d  on a Hol i day Mul t i - Band S o l i d  S ta t e  
FM ra d i o .  Th e output of t h e  FM ra d i o  wa s c onnect e d t o  
c h anne l 1 o f  t h e  R 5 0 3 0  Tekt ron i x  O s c i l l o s cope . T h e  wave fo rm 
O s c i l l o s c op e  
S cre en Channel 
1 
Mo dulato r 
FM 
Re c e ive r 
Carri er 
Frequency 
O s c i l lat o r  
Fi g .  5- 1 .  Bi otran smi tter t e st i ng sys t em 
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Ph o to graph o f'  ECG wa ve 1 ... o rm f;  
Ph o to o f  t e l em e -+· e re d  ECG 
. 2 5 v/cm , h c ri :� ontal 50 m s/di v )  
�h o t o  o f'  l e ad I o f'  ECG 
• 5 " V/cm 'J h o .d z;:>ntal 50 m s/div ) 
marke d l ead I ( a )  in Fi g .  5- 2  i s  a ph otograph o f  t h e  ECG 
obtained wi t h  t h e  bi ot e lemet ry t ransmi t t e r  and the re c e iving 
sys t em . I t i s  p o ss i bl e  t o  calculate the heart rat e  o f  the 
phe asant from t h i s  wave fo rm  whi ch wa s the int ent of t h i s 
re s earch pro j e ct . Th e heart rat e  o f  the phea sant a s  cal­
culat e d  from the wave fo rm o f  thi s photo graph is JOO beat s 
p e r  minut e . 
T o  d i re ct l y  re c o rd the ECG wave fo rm , a se c ond s e t  o f  
l ea d s wa s conne c t e d betwe en t h e  e l e c t ro d e s and t h e  di ffe r­
ential input of· channe l 2 of t he o s c i ll o s cop e a s  shown in 
Fi g .  5-1 . Th e wave fo rm marked l ead I ( b )  in Fig . 5-·2 i s  a 
pho t ograph o f  t h e  ECG wave fo rm taken d i re ct ly from t h e  
ph e a sant . The h ea rt rate o f  the p h ea sant a s  cal culat e d  
from t h e  wave fo rm o f  t h i s photograph i s  3 0 0  beat s . p e r  
minut e . 
Lead I ( a ) and 1 ead I ( b )  o f  Fi g .  .5- 2  �ere re c o rd e d  · s im­
ul tane o u s l y . The wave form o f  l ead I ( � ) , Fig . 5- 2 i s  n o t  an 
exact reprodu ct i on o f  l ead I ( b )  of the ECG . T h e  di ffe renc e 
o c curs be cau s e  t h e  re c e i ving system do e s  not give t rue 
l inear o ut p ut of t h e  s i gnal re c e ived . Howeve r ,  i t  wa s not 
ne c e s sa ry t o  re de sign the re c e i ving syst em s in c e  the h e a rt 
rat e  ca l culat e d :fr om the t ran smit t e d  ECG s i gnal c o rre spond s  
exa c tl y  t o  t h e  h eart rat e cal culat e d  from t h e  ECG wave form 
re co rd e d  d i re c t l y  from the phea sant . Ba s e d  on t h i s  re sul t ., 
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i t  wa s c onc l u d e d  t hat t h e  bi o t e l emetry t ransm i t t e r  i s  
capabl e o f  t ran sm i t t ing th e heart rate o f  t h e  phea sant . 
Thi s st udy ha s shown that it i s  fea s i bl e  t o  use an 
int e gra t e d  c i rc u i t  t o  p rovi d e  comp onent s f"o r  a bi o t e l e ­
metry t ran sm i t t e r . The d i f'f·e rent ial amp l i fi e r  d e s i gne d  
and bui l t  u si ng c omponent s o f - the IC p e rfo rm e d  sat i s­
factori l y . Thi s  amp l i fi e r  has a t o tal current drain o f'  
. 1  mi l l iamp and p rovid e s  a ga in o f  3 . 6 .  
Thi s  st udy has al so sh own that it i s  p o s s i bl e  t o  fre ­
quen cy modulat e a crystal cont ro l l e d o s c illat o r .  The 
freq uency d evi a t i on can be a s  much as 48 KH z , but to 
suc c e s s ful ly t ran smi t  t h e  h e art rat e  of t h e  phea sant only 
1 KH z :fre quency deviat i on i s  ne e d e d . 
58 
59 
REFERENCES 
1 .  Fi t chen , F .  C . , El e ct roni c Int egrat e d  C i rc u i t s and i1���45 : Van Nostrand Re inhold Company , 1 9 7 0 , pp . 3-1 9 , 
2 .  Elle rbruch , V .  G . , Fit chen , F .  c . , and Sawrey R .  w .  
"A N ew T e c hnique Used i n  De sign Telem e t ry ·sy stems f'o� 
Bio l o g i ca l  App l i cat ion s , "  24th ACEMD In ' t  Hot e l , La s  
Vega s , N evada , 1971 . p .  3� ? .  
3 .  Sawrey , R .  W , , S i nu so i dal ECL Gate O s c i ll at o rs , M . s .  
The s i s , S outh Dakota S tate Unive rsity , 1 9 7 1 , pp .  1- 7 6 . 
4. Dupre , J .  J . , and Bodway , G .  E . , " Th e  A�p l i cat i on o f  · 
S catte ri ng Pa rame ters t o  High Frequency C i rcu i t  De s i gn , " 
1 0 I EEE Int e rnat i onal C onvent i o n  Di�e st New Yo rk 
March 1970 , pp . 08 - 0 9 . 
5 .  Sturki e ,  P .  D . , Avian Physiology ,  Corne ll Unive rs ity 
Pre s s , 196 5 , pp . 1 3 3- 1 50 .  · 
6 .  Gro s s , w .  'B . , "El e ctro ca rd i ograph i c  Change s o f  
E s ch e ri ch i a  c o l i - I n:fe cted  Bi rd s , �· Ame ri can Journal o f'  
Ve t e rina ry Re search , Vol . 27 , No . 1 2 0 , Sept . 1966 , 
pp . 14 2 ? - 14 36 . 
7 . Jankus , E .  F . , Good , A .  L . , Jo rdan , K .  A . , and S axena , 
S .  K . , " El e ctro cardiographic  S tudy o f·  Round Heart 
Di s e a se i n  Turkey Poult s , "  Poul t ry S c i en c e , Vol . 50 , 
No . 2 ,  March 1971 , pp . 48 1-486 . · 
· 
8 .  Kri s ta , L .  M. , Jankus , E .  F . , Wai bel , P .  E . , S aut t e r ,  
J .  H . , Sho ffne r , R .  N . , and Quarfoth , G .  J . , " Com­
pari son of El e ct ro card i o grams of Hypert en s i ve and 
Hypot ens i ve Ma l e  Turkeys , "  Poul t ry S c ien c e , Vol . 49 
No . 3 , May 1 970 , pp . 700- 70) . 
9 ,  G e d de s , L. A . , and Bak e r ,  L .  E . , Pri ncipl e s  o :f  Anpl i e d  
B i omedi cal I nstrumentat i on ,  John W i l ey & S on s , I nc . , 
1968 , pp . 2 0 6- 2 56 , 278 . 
10 . Roy , O .  z . ; " A  Mult i- Chai;ne l �ransi:ii tt e ;, :fo r . t h e  
Phys i o l o gi cal Study o f  B i rd s  in Fl i ght , Me d i cal 
and Bi o l ogi cal Engine e ri ng ,  Vol . 4 ,  1966 , pp . 457-466 . 
1 1 . 
1 2 . 
13 . 
14. 
1 6 . 
1 7 . 
18 . 
19 . 
20 .  
21 . 
60 
Frye r ,  T .  B . ,  Deboo , G .  J . , "A Mi niature B i o p o t e nt i al 
T e 1 emt ry S y s t em . " Me d i cal and Bi o l ogi cal Engi ne e ring, 
Vol . 3 ;  1 9 6 5 ,  pp . 2 0 )- 2 04 , 
Re e c e , F .  N . � May , J ,  D . , and Deaton , J .  w . , " Ra d i o 
Te l em e t e rs f'o r Temp e rature and B i o p o t e nt ia l s , .. 
Po ul t ry S c i e nc e ; Vol . 49 , N o . 6 ,  Novem be r 1 9 7 0 , 
pp . 1 58 9 - 1 5 9 3 . 
Mono l i t h i c  I C  Bre a d board � S G38 0 1  Qu ikC h ip ,  T e chn i cal 
Bul l ·e t in 38 0 1 , S i l i c on Gene ral I nc . , Fe b .  1 9 7 0 . 
We ine rt � F .  K . , " S cat t e ring Pa rame t e rs S p e e d  De s i gn 
o f  H i gh - Frequency Trans i st o r  C i rcuit s , u  El e ct roni c s , 
S ept .  5 ;  1 96 6 . 
. 
Ande rs on � R .  W . � " s -Parame t e r  Te chni que s f'o r Fa s t e r ,  
Mo re A c curat e N e tw o rk De s i gn , " Hewl e t t - Pa cka rd Journal , 
Vo l . 18 • No . 6 ,  Fe b .  196 7 . 
Kim � Y .  D . ; S cat t e ri ng Param e t e rs o f'  VHF S em i c onduc t o r  
Devi c e s . M .  S .  T h e s i s ,  S o ut h  Dakota S tat e Uni ve rs i ty , 
pp .  52- 6 6 , 1 2 6 - 1 2 9 . 
S chwart z , M . , Inf'o rmat i on Tran sm i s s i on ,  Mo dulat i on and 
No i se ; McGraw- Hi l l  El e ctri cal and El e ct ro n i c Engi ne e r­
i ng S e ri e s , 1 9 59 ,  pp . 8 9-11 7 . 
Agrawa l , M .  P . ; A S tudv o f'  Mo no l i t h i c C i rc ui t  C omponent s .  
M .  S ,  The si s ;  S o uth Dakota S tat e Unive rs i t y , 1972 . 
Fi t ch e n ; F .  C . � T ransi st o r  C i rc u i t ' Ana lys i s and De s ign. 
Van No s t rand C o . , Inc . ; 1 96 6 , pp . 60-76 . 
P i e nkow ski � E .  C . , The Deve l onm ent o f'  Ra d i o  Eq u ipment 
to be u s e d  fo r T ra cking Sma l l  Animal s .  M .  S .  The s i s ,  
Ohi o S ta t e  Unive rsity , 1 96 2 , pp . 3 7-49 .  
Re i ch ; H .  J . ; S ka ln i k , J .  G . � and Kraus s ,  H .  L . , 
Th e o ry and Appl i ca t i on s  of' A c tive De vi c e s . Van N o st rand 
C o . �  In c . � 1 9 6 6 , pp . 6 58 -676 . 
